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Abstract 
Green rubber composites can be tailored made to suit applications with desired properties by incorporating particulate 
natural fibers into a rubber matrix. The effect of fibers content filled in natural rubber (NR) green composite on mechanical 
properties has been studied. The jute fiber loading in natural rubber were 0, 10, 20 and 40 wt%. The rubber green composite 
compounding was prepared by using two roll mills and then molded by hot compression molding technique. The resulted 
suggested that increasing filler content tended to increased modulus and hardness but decreased Tensile strength of the 
composite. Compared between NR/Jute-untreated and NR/jute treated. The results showed that NR/jute untreated can improve 
mechanical properties of composite more than NR/jute treated HANR. This may be due to distribution of fiber may effect to 
improve mechanical properties of composite in this study. 
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1. Introduction 
For economic and environmental reason, rubber composite reinforced with natural fiber are of interesting in 
industrial field because of easy processing, low cost and light weight. It is known that natural plant fibers are 
regarded as an agricultural waste that suggested cheap and environmental friendly filler derived from a plenty 
renewable resource in Thailand. These composite exhibit combined behavior of the soft, elastic rubber matrix, and 
the stiff strong fibrous reinforcement. Therefore, rubber composite reinforced with natural fiber is still under 
development to provide a variety of products with the target to reduce cost and maintaining their desired properties. 
The disadvantage of incorporation of natural fiber into rubber matrix is a poor in interfacial adhesion due to the 
hydrophilic nature of natural fiber that is to be used as reinforcement with hydrophobic nature of rubber matrix. 
Furthermore, these composite are also associated with agglomeration as a result of insufficient dispersion. One of the 
most important aspects of composite manufacturer is to achieve adequate adhesion between fiber and rubber matrix 
[1-4]. 
Many strategies of surface modifications aiming to improve the compatibility between cellulose fibres and 
matrices were reviewed [5]. The chemical modification using coupling agents or establishment of covalent bonding 
between fibres and matrix have also been investigated. This may leading to materials with high mechanical 
properties.  
In this study, green composite of natural rubber and natural fiber were prepared with various filler contents. 
Effect of fiber loading and surface treatment on the interfacial adhesion between fiber and rubber and mechanical 
properties is observed. 
2. Experimental 
2.1. Materials 
Natural rubber (NR) grade STR20 was supplied by Thai Hua Rubber Co. Ltd. High Ammonia Natural rubber 
(HANR) latex, Deproteinized natural rubber (DPNR) latex, stearic acid, zinc oxide (ZnO), oil, benzothiazyl 
disulfide (MBTS), diphenyl guanidine (DPG), antioxidant, sulfur, and sulfuric acid (H2SO4). Jute roving having an 
average diameter of 0.8 mm were supported by KIT, Japan. The fiber lengths of 1 cm and fiber loading of 10, 20, 
and 40 wt% respectively, were used in this study.  
2.2. Surface modification of jute fiber 
The jute fiber were washed with water and dried at 50°C for 24 hours in oven and pretreated by 0.1% H2SO4 
solution for 1 hour and washed with water 2-3 times. Then the cleaned fiber were surface modified by soaking in 
HANR or DPNR latex for 1 hour and dried at 50°C for 24 hours in oven Then the modified fiber were cut in length 
of 1 cm. 
2.3. Preparation of deproteinized natural rubber (DPNR) 
HANR latex was incubated with 0.1 wt% urea in the presence of 1.0 wt% SDS solution for 1 hr. at the ambient 
temperature. The centrifugation was used to separate the cream fraction, which was redispersed in 1.0 wt% SDS 
solution. Then, the cream fraction was washed twice with 0.5 and 0.1 wt% SDS solution respectively. 
 
2.4. Preparation of green rubber composites compounding 
 
The rubber composite was prepared by compounding of rubber with fiber according to formulations shown in 
table 1. 
 
 
 
 
 Pruttipong Pantamanatsopa et al. /  Energy Procedia  56 ( 2014 )  641 – 647 643
Table 1. Formulation of green rubber composite. 
 
Component Content (phr) 
Natural Rubber (STR20) 100 
Stearic acid  1 
ZnO  5 
Oil  4 
MBTS  0.5 
DPG  0.5 
Antioxidant  1 
Sulfur  3 
Jute fiber (Un-treatment and treatment) 0,10,20 and 40 
 
Moisture content of fiber was measured by Moisture Analyzer, Mettler Toledo, model HB43-S. The jute fiber 
was dried for 11 hrs at 100oC prior to being compounded with NR in a two roll mill. NR and modified fiber was 
mixed in two roll mills for 20 min. (Yong-Fong machinery, Ltd., Model YFTR 8" (YFH-8"x18"L)). It was kept at 
25oC for 24 hrs prior to cure assessment on a Moving Die Rheometer, GOTECH, model GT-M2000. Then, they 
were compressed in compression molding (Yong-Fong machinery, Ltd., Model YFY HM-100T) at 150°C, 10 min 
for valcanization. 
 
2.5.  Mechanical properties 
 
Tensile testing was done with dumbbell shaped specimens in accordance to ASTM D412-C and five replicate 
specimens were subjected to Instron Universal Testing Machine at crosshead speed of 500 mm/min. The hardness 
was measured by the shore type A Durometer according to ASTM D2240 and random ten point in one specimen. 
 
2.6.  Morphology measurement  
 
The surface properties of jute fiber before and after modification was scanning electron microscope (SEM) 
(JEOL Model JSM-5410LV). 
 
2.7.  Dynamic mechanical thermal Properties 
 
Dynamic mechanical analysis was performed using a Perkin Elmer DMA 8000 in the temperature/time scan 
mode. The shape of test sample was rectangular, 25 mm. long, 10 mm. and 3 mm. thick. The dual cantilever mode 
of deformation was used under the test temperature range from -110 to +100oC with a heating rate of 5oC min-1 and 
a frequency of 1 Hz. A sinusoidal strain with a frequency of 1 Hz and amplitude of 50 mm was applied to each 
specimen. The storage and loss moduli, tan G, and glass transition temperature (Tg) of the rubber vulcanizates were 
subsequently measured based on the test results. 
3.Results and discussion 
3.1. Mechanical properties of un-treated and treated fiber 
 
The most important factor in get good fibre reinforcement in the composite is the strength of adhesion between 
the matrix polymer and the fibre. The extent of adhesion depends upon the structure and polarity of these materials. 
Due to the presence of hydroxy and other polar groups in jute, the moisture regain is high which leads to poor 
adhesion between fiber and matrix. Therefore, in order to develop composites with improved mechanical properties, 
it is necessary to impart hydrophobicity by suitable treatments. Such surface modification of jute would not only 
decrease the moisture absorption, but would concomitantly increase the wettability of the fibres by the matrix 
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polymer and the interfacial bond strength, both critical factors for obtaining better mechanical properties of the 
composites. Based on the above mentioned facts we have investigated the effect of different surface modifications 
of jute on the performance of the composites such as chemical treatment with acid and physical treatment with 
rubber latex. Table 2 show the mechanical properties of un-treated fiber and treated fiber with rubber latex. 
 
Table 2. Elongation, Extention at break, and Tenacity of jute fiber before and after modification. 
 
Sample Elongation (%) Extention at break (mm.) Tenacity (gf/den) 
Jute untreated 3.63 9.07 41.99 
Jute treated 3.50 8.76 71.01 
From table 2, it was found that the tenacity of fibre after treatment is much higher than un-treated almost twice. 
It is indicated that the strength of fibre itself is higher. Therefore, we used these fibre incorporating into the rubber 
matrix. Fig.2 shows the morphology of untreated and treated fibre. It is clearly seen the adhesion of fiber after 
treatment with latex. 
    
 
Fig. 1. Surface of fiber (a) un-treated jute and (b) treated jute 
 
3.2. Effect of HANR surface modification and fibre loading on mechanical properties of rubber composite 
 
Firstly, we tried to modify jute fiber with high ammonia natural rubber latex (60% DRC). The effect of fiber 
loading on tensile strength, modulus and hardness in rubber composite were shown in Fig. 2-4. It can be seen that 
the tensile strength was decreased as fiber content increased. The modulus and hardness increases significantly with 
increasing filler content. This indicates an improvement in stiffness of rubber composite. However, when treated 
fiber is subjected to load, the tensile strength, modulus and hardness were lower. This may be due to the good 
adhesion between fiber, leading to poor dispersion in the matrix. 
 
 
Fig. 2. Tensile strength of treated and un-treated jute fiber/NR composite with various fiber content. 
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Fig. 3. Young’s modulus of treated and un-treated jute fiber/NR composite with various fiber content. 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Hardness of treated and un-treated jute fiber/NR composite with various fiber content. 
 
3.3. Effect of DPNR surface modification 
Then, we tried to modify jute fiber with low protein latex (DPNR) containing 30% DRC. Fig. 5 shows a stress-
strain curve of rubber composite incorporated with treated fiber. It is clearly seen that DPNR treated fiber/NR 
composite (10 wt% fiber) showed the highest elongation at break as shown in Table 1. The tensile strength and 
modulus were also higher compared to HANR treatment. The reason of this finding is still under investigation. 
 
 
 
 
Untreated jute fiber 
Untreated jute fiber 
Treated jute fiber
Treated jute fiber 
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Fig. 5. Typical stress-strain curve of NR, untreated fiber/NR, HANR treated fiber/NR composite and DPNR treated fiber/NR composite. 
 
 
Table 3. Young’s modulus, Tensile strength, and Elongation at break of  NR/ HANR treated jute and DPNR treated jute at 10 phr. 
   
Sample 
Young’s modulus  
(MPa) 
Tensile strength 
(MPa) 
Elongation at break  
(%) 
NR/Jute-treated HANR 1.9 8.9 927.9 
NR/Jute-treated DPNR 2.1 19.0 1534.5 
 
 
 3.4. Dynamic mechanical Properties of NR composite 
 
 
 
Fig. 6 Evolution of the (a) logarithm of the storage tensile modulus, E0, and (b) loss angle tangent,  
tan G vs temperature at 1 Hz for NR-based composites reinforced with 10 phr jute fiber with treatments (T) and un-treatment (UN). 
 
The plot of the logarithm of the storage tensile modulus (log E0 )and tanG at 1 Hz vs temperature for unfilled 
NR matrix, and both unmodified and modified jute reinforced rubber composites are shown in Fig. 6a and 6b, 
respectively. At low temperatures, the NR matrix is in the glassy state and E0 is around 4E+11 Pa. Then at ca. -60oC 
a sharp drop in E0, associated with the glass–rubber transition of the elastomer. This relaxation phenomenon 
involves cooperative motions of long chain sequences which induce dissipation energy revealed by a maximum in 
tanG (Fig. 6b). After filled NR matrix with DPNR treated fiber, E0 increased to 8E+11 Pa higher than untreated 
fiber.  
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The incorporation of DPNR treated fiber increase the composite modulus at below Tg. This may be due to the 
its different in glassy states. It is also effect to the change in glass transition temperature of rubber composite.  
 
4. Conclusion  
 
This work clearly shows that cellulose fibres can be effectively used as reinforcing NR matrices. The results 
showed that NR/jute treated with DPNR latex can improve the mechanical properties of composite more than 
NR/jute treated HANR. 
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